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Abstract

This paper describes a hicrarchical scheduling,
planning, control, and cxe cution monitoring
architecture for automating operat ions of a
worldwide network of communications antennas.
We fin st descar ibe the network automation pr oblem
and currentmode of operations. We then describe a
three layer hierarchical architecture for automating
network oper aiens.  In particular WC explain the
notion of plan/schedule generation, execution, and
revision al cach level.  Finally, we describe the
current date of deployment for cach se gment of the
autoimation architecture.

Introduction

T'he Deep Space Network (DSN) (DSN, 1994) was
established in 1958 and since. thenit has evolvedinto the
largest and most sensitive scientific telecommunications
and radio navig ation network in the world. The purpose
of the DSN i s to support unpiloted interplanctary
spat.ccraf[ missions and to supportradio and radar
astionomy obsc tvations in the explot ation of the solar
system and the universe. ‘1 herearce three deep space.

The rescarch descr ibed in this paper was carried out
by the Jet Propulsion Laborator y, CaliforniaInstitute of
Technology, under a contract with the National
Acronaultics and Space Administration,
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communications complexes, located in Canber ra,
Austral ia, Madrid, Spain, and Goldstone, California
Fach DSN complex operates four deep space stations --
-one 70 -mcterantenna, two 34-meter antennas, and onc
26-meter antenna.  The functions of the DSN are to
recetve telemetry signals from spacecraft, transmit
comm ands that control the spacecraft operating modes,
g cnetate the radio navigation data used (o locale and
guide the spacecraft to its destination, and acquire flight
radio science, radio and radar astronomy, very lon g
baseline inter ferometry, and geodynamics measurements.

Fromits inception the DSN has been driven by the
need 10 create increasingly more sensitive.
telecomnu nications devices and better techniques for
navigation. The operation of the DSN communications
complexes requires a high level of manual interaction
with the devices in the communications link with the
spacecraft. In more tecent times NASA  has added some
new requirements to the development of the DSN: (1)
reduce the cost of operating the DSN, (2) improve the
operability, reliability, and maintainability of the DSN,
and (3) prc.pale forancw cra of space exploration with
the New Millennium prog 1am: support small, intelligent
spacect aft requiring very few inission operations
personnel.

The purpose of (his paper is to describe an
architecture for automating the process of capturing
spacecraft data in particular, we will dc.scribe how the
cotnponents of the architecture transform a flight project
service req uest into an exccutable set of DSN oper ations
that fulfill the request through autor nated resource
allocation, goal-driven plan gener ation, and plan
cxccution and monitoring.  The archilecture was
designed to assist the DSN in meeting the three NASA
goals mentioned in the last paragraph. WC. successfully
demonstrated a prototype of this architecture in February
1995 at NASA’s experimental DSN station, DSS- 13, on a



serics of Voyager tracks and effoirts are cutrently
underway to insert the technologies used in thi
demonstiation into the operational DSN (HIH et al, 1995a,
Hill et al. 1996).

This paper is orpanized in the following manner. We
beein by characterizing the operation of the DSN at the
time that this rescarch was performed. Next we deseribe
the architecture of our automated protolype -- we give a
functional description of cach of the components, which
mcludes the Demand Access Network Scheduler (DANS)
system for automated resource allocation, DPLAN (Fstlin
ctal. 1996, Tt et al. 1995b), an automated procedure
veneration system, and LMCOA, & plan execution and
monitoring system.  In addition we provide examples of
the inputs and outputs to cach of the components to
ilustrate what occurs at cach step mm the process of
capturing spacecraft data. Next, we describe the results of
the technology demonstration at DSS-13 ax well as
ongoing ¢fforts to incorporate this technology o the
operational DSN. Finally, we deseribe aspects of plan
exceution and plan revision in the varous components
and levels of the DSN antenna operations automation
architecture!,

How the DSN Operate

Voyager-1is cruising at 17,5 kilometers/second toward
the outer edge of the solar system. Though its onboad
systems are mostly asleep during this phase of its mission,
Voyaper's health metries are continually sent to Earth-via
a telemetry stgnal radiated by its 40-watt transmitter. It
will take eight hours at the speed of light for the signal to
reach its destination, Earth, a billion miles away. Upon
anival, the telemetry signal is received by an exuemely
sensitive ground communications system, NASA’s Deep
Space Network (DSN), where it is recorded, processed,
and sent to the Misston Operations and Voyager project
engineers, who assess the health of the spacecraft based
on the contents of the signal.

The type of activity just described occurs datly for
dozens of different NASA spacecraft and projects that use
the DSN to capture spacecraft data. Though the process
of sending signals from a spacecraft to Farth s
conceptually simple, in reality there are many carthside
challenges that must be addiessed before a spacecralt’s
signal is successfully acquired and ttamsformed into
uscful information.

Network Preparation at the Network Operation
Control Center

Figure 1 shows a patrtial map of some of the operational
processes of the DSN (sce (RET, 1995) for a more
complete deseription of the DSN processes). ‘The fust

stage 1s called Network Preparation and it occurs al a

"For a further desceription of DSN antenna operations as
an applications arca for planning and plan execution sce
(Chicn et al. 1996).

central control center for the DSN located at JPLL called
the Network Operations Control Center (NOCC), A
flight project mitiates Network Preparation by sending, a
request for the DSN to track a spacecraft involving
specific tacking services. The DSN responds to the
request by attempting to schedule the tesources (e, an
antenna and other shaved equipment) needed for the track.

Along with this request, the project prepares a
Sequence of Events (SOY) describing the time-ordered
activities that should occur during the track. The SO
mcludes actions that the DSN should take, (e.g., begin
tracking the project’s spacecraft at 1200 hours), and it
also includes events that will occur on the spacecraft
being tracked (c.p.. the spacecraft will change frequency
or mode at o destenated time). These events are
tportant because they affect how the DSN provides the
services. The project SOF is sent to the DSN, which then
vencrates s own version, called @ Ground Netwerk SOIE
The Ground Network SO is a more elaborate version of
the project SOE i that 1t expands the activittes from high
fevel deseriptions (e, begin tracking the spacecraft) into
a lner level of detail for use by the operations personnel
at the deep space station. The Ground Network SO s
sent to the Deep Space Station (DSS), where the antennas
used to perform the actual track are Tocated. Along with
the Ground Network SO o wide range of required
support data are transmitted, such as the predicted
location of the spacecralt, ete.
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Figure 11 An Automation Oriented View of Deep
Space Network Operations

Data Capture at the Signal Processing Center

Fhe data capture process i1s performed by operation
personnel at the signal processing center - they determine
the correct steps to perform to conligure the equipment
for the track, perform the actual establishment of the
communications link, which we hereafter refer to as a
‘hink’, and then perform the track by issuing control
commands to the vanous subsystems comprising the link.
Throughout the track the operators continually monttor
the status of the Link and handle exceptions (c.g., the



receiver breaks lock withy the spacec raf () as they oceur.
ALl ofthese actions are curtently performed by human
operators, who manual ly issue tens o1 hundieds
commands via acomputer keyboard to the link
subsystems.  The monttoring activities requine the
ope ratorto track the state of cach of the subs yste msin the
link (usually three to five subsystems), where cach
subsyste m has numerous state variables that change over
tine.

Automation of the DSN

In the previous section we deseribed the process for
tansforming a flight project service request into an
cxecutable set of DSN operations. As we have already
pointed out, many of the steps of the desciibed processes
areintensely manual, We now describe an architecture
for automating, these processes in the manner described i
Figwe 1. The specific systems and then functions are
shown i the figure - DANS 15 applied to the resource
scheduling process, DPLAN is used for automatically
gencrating  DSN o operations procedures,  and
LMCOA/NMC automatically exccutes the operations
procedures.

OMP/DANS: Automated Scheduling

The high level resour ce allocation problem for the smaller
DSN antennas i s cut rently handl ed by the OMP
scheduler. In the future, an evolution of OMP called the
Demand Access Network Scheduler (DANS) scheduling
system IS designed to address rescheduling 101 the entire
DSN (i.e., all antennas and antenna subsystems). OMP
accepts generalized service requests from spacecraft
projects ot the form vy need three 4- hour tr acks pe t
week” and resolves co nflicts using a priority request
schieme 10 atte mpt 10 maximize satisfaction of high
priotity projects. OMP deals with schedulesfor NASA'S
26-meter subnetinvolving thousands of possible wacks
and a finalscheduleinvolvinghundreds of tacks.

‘The DSN scheduling problem is furthet complicated
by three factors: (1) context- dependent prionity; (2)
subsyste m allocation; and (3) the possibility of reducing
the length of the tracks. DSN track priorities are context
dependent in that they are often contingent on the amount
of tracking the project hasreceived so farinthe week.
For  exampley P1oject jnight have priority 3 10 pet s
troacks, priority 4 to get 7 tracks and priority 6 1o get 9
ttack s {where Tower priorities represent more hnportant
tacks). This p nority schiemareflects that 5 trowks are
necessit y 1o maintain spa cecraft health and get ertti cal
science data to ground stations; 7 tracks will allow a
nominal amount of science data to be downlinked; and 9
tacks will allow fordownlinking of all science data (i.e.,
beyond this level additional tracks have tittle utility). An
important point iS that specific tracks are not labeled with
these priorities (e. g., the project is allowed to submit 5
tacks at priority 3, 2 at priority 4 and s o on). Ins tead,
when considering adding, deleting, ormoving, tra ks, the
schedulermust consider the ovrerall priority of thie project

in the cutrent allocation context. In addition to allocating
antenn as, DSN scheduling trivolves allocating antenna
sups~s(Cinn whichare shared by cach Signal Processing,
Ce nte 1 (such as teler netry processors, transmitters and
exanters). Aflocating thiese complicates the scheduling
problem because 1t adds to the number of resourees being
scheduled and certain subsystems may onty be 1erquiltd
for parts of the track.  Finally, the DSN sclied ul ing
problem is complicated by it fact that the track duration
can be relaxed. For example, @ project may req uest a 3
howt track but specify a mintmum tack time o012 hours.
Whe noevalu ating potential resource conflicts the
scheduler must consider the option of s hortening tracks to
rer nove resowree conthicts, Currently OMP and DANS
use o lincar weighting schoen ¢ conj unction o th a
modificd SIMPL EX algorithm to trim tracks 1
accordance withpnoritizations,

DPLAN: Automated Procedure Generation

The automated track p roocedure generation problem
m ovolves taking a general servi ce request (s uch as
telemetry -- thie downlink of data from a spacecraft) and
an actual cquipment as signment (deseribing the type of
antennat, receiver, telem ety porocessor, and so on), and
then generating the appropnate partially ordered sequence
ol commands (called a Temporal Depend ency Network or
TDN; see Figure 3) for creating a comm unications link to
cnable the appropnate interaction with the spacecraft,
The DSN Ante nna Operations Planner (DPT AN) uses an
integration of Al Hicrarchical Task Network (' I'Ny and
partiai crder operator-based planning techniques (o
represent DSN o antenna operations knowledge and to
g encrate antenna operations p rocedures on demand
Goals:
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Iigure 22 DPLAN and LMCOA/NMC Inputs and
Outputs

In order to fulfill the high level service request given
acertain equipment allocation, the DPLAN plannet uses
high level track iformation to determine appropriate
steps, ordering constraints on these steps, and step
patamete rs. In generating the TDN, the planncruses
information [tom several sources (see Figure 2):

Project SOE: The project sequence of events specifies
events from the mission/project perspective. AS aresult,
the project SOIE contains a great deal o f  information
regarding e spacecraft state which is 1elevant 10 the
DSN track, as well as a large amount o 1 spacecraft
in forma tron untela ted to DSN operations. Relevant



information spec ified in the project SO includes such
temsas the one-way highttune © YWIT) 10 the spacecratt,
notifications of the begimning and ending. times of tracks,
spacecraft data transmission bit rate changes, modulation
index changes, and carrier and subcartier frequency
changes,

Projeet profile: ‘Thisfilespecifics project specific
imformation regarding {requencies and pass types. 1ol
example, the Project SOE might specify frequency -
HIG | 1, and the project profile would specify the exact
frequency used. The Project profile might also contain
other signal para nicters and default track types

TDON KB: The Temporal Dependency Networ k (FIDN)
knowledge base (Fayyad & ((loll Cl, 1992, Fayyad ctal.
I 993y stores information on the TDN blocks available for
DPI AN and 1. MCOA 1o use. -1ins knowle dge base
includes  information  regarding  preconditions,
postconditions, directives, and other aspects of the TDN
blocks. Tt alsoincludes imformation on how to expand the
block parameters and nar nes ito the actual flatiife entry
ma TN,

Equipment Configuration: This details the types of
ecquipment available and the unique identifiers that
specify the exact picees of equipme nttobe usea in the
track. Thiese include the antenna, ante nna control fer, the
recelver, and so o011,

DPI. A N uses the SOE and project profile to
determine the overall goals of the track. The DSN plannet
reduces the high level track goals into exec utable steps by
applying knowledge about how 1o achieve specific
combinations of track goals in the context of specific
cquipment combinations. This information iS represented
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tn the for 1 of task reduction rules, which detail how a set
of highlevel goals can be reduced into a set of lower fevel
vouls I a particular problem sotving cont ext. Fach task
reduction rule rigorously defines 1ts scope 1n terms of
tack and cquipment combinations.  The scope of’
applicability of the rule can be thought of in terms of a
tack goal hictarchy and/or an equipment goal hicrarchy,
whe 1e the rule applics to all contexts within the relevant
hicrarchy (i.c., all specializattons of its Scope).

Using this problem specification, the DSN - planner
uses task reduction planning techniques (also called
hicrarchical task network o1 FUPN) (BErol et ar. 1994) and
oper ator-based planning techniqu es (Pemberthy & Weld
F992) 10 produce a parameterized track-specifie TDN to
be used to conduct the track. This tack-specific TDN
and the SOE can th en be used by LMCOA/N MC to
operate the actual antenna in order to conduct the
requested antenna track.

I.MCOA/NMC(C:
Ixecution

Automated Procedure

‘["tic automated exccution compon entuses (tic TDN
(Figure 3) gencrated by DPL AN to p e form the actual
track and is responsible for monitoring the execution of
the TDN. Previously an experimental system called the
Link Monitor and Control Operator Assistant (1.LMCOA)
was developed to automated this p rocess; currently the
key concepts and capabilities of the LMCOA system arc
being tansferred to the operational DSN in the delivery
of the Network Monttor and Contiol (N M C) Automation
Engine. For track operations, automa ted procedure
exccution and cxecution monitoring involves cnsuring
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that the expected conditions and subsystem stides are
achicved, certain types of closed-loop contiol and creor
recovery are performed in a timely fashion, and the correct
dispatching of commands to the subsystems controlling the
link occurs. , L. MCOA uses an operator-based
representation  of the TDN to represent necessary and
desired conditions forexccution of proceduresandtracks
for the relevant subsystem state.

The LMCOA performs the operations procedures for
a ttacking activity by exccuting a Temporal Dependency
Network (TDN), which is a procedure that is automatically
gencrated by DPLAN, as described in the previous section,
DPLAN composes the TDN so that 1t contains the
procedures (TDN blocks) ueeded for a specific wacking
activity, and it orders them according to its knowledge of
the dependencies that are defined among the blocks as well
as by what 1t knows about the pre- and posteonditions of
the blocks. The knowledge about interblock dependencies
and about block pre- and postconditions s passed to the
I.MCOA, whose task 1t 1s to execute the end-to-¢nd

procedure. The LMCOA recerves the TDN i the form of

a directed grapoh, whiere the precede nee relations are
specified by the nodes and ares of thie network. Fhe blocks
i the graph are partially ordered, meaning that some
blocks may be executed in parallel. Temporalknowled ge
is alsoencodedin the TDN, which includes both absolute
(¢. g. Acquire the spacecraft at ime 02:30:45) and  relative
(c.p. PerformstepY 5 minutes after step X) temporal
consttaints. Conditional branches in the network are
p et formed only undet cnrtain condition s. Optional paths
we those which are not essential to the operation, butmay,
for example, provide a higher level of confidence inthe
data resulting {from a planif per for med. Mote details about
TDNs are provided in (Fayyad & Cooper | W?).

To exccute @ TDON, LMCOA performs the following
functions: (1) itloads the paramcterized TDN into the
Lixccution Manager; (?) it deter mines which TDN blocks
are cligible for execu tion and spaw ns a process for cach
THONblock; (3)it checks whether the preconditions of cach
'TDN block have been satisfied; (4) once the preconditions
are satisfied, it issues the TDON block commands; and (5) it
verifies whether the commands had thein intended cffects
on the cquipment.  The Operator inter acts with the
I.MCOA by watching the cxccution 01 the TDN; the
opet ator can pause o1 sKip portions of the TON, check the
status of commands within individual blocks, and provide
inputs where they are required. When part of a THON fails,
the LMCOA supports manual recovery by the op crator by
highlighting the point of failure and providing, information
about the precond itions o1 postconditions that failed to be
satisfied.

Results

In February 1995 a comprehensive demonstration was
conducted to validate the concept of” integrating and using
the Al software described in the preceding paragraphs to
track a spacecraft with the DSN. In the demonstration,

DPLAN ecnerated the TDN shown in Figure 3 for a
Voyager Telemetry Downlink  track using the equipment
configuration at Deep Space Station 13 in Goldstone,
California, which included a34-mcter beam-wave guide
(BWG ) antenna and a telemetty processor. The TDN
gc nerated by DPLAN was successfully executed by
L.MCOA--a communications I nk was established with
Voyager anc | tic 34-meter *BWG antenna tracked the
spacecraft, with minumalhumancontrol. As a result of this
demonstration, DPLAN and the concepts implemented in
[ MCOA are currently being transferred and implenmented
intheNetwork Control Project (b (), which willreplace
two niagor DSN subsy stems--the Monitor and Contiol
(M&C) subsystem and (¢ o0 Network Plann ing and
Preparanon (N]']') subsystem

Plan Execution and Replanning in DSN
Antenna Operations

In this section we deseribe the aspects ol plan execution
and replanning fr om the perspective of cach of the thiree
¢ omponents involved 11 DSN  Antenna  Operations:
1esource allocation, procedure generation, and execu on
monttoring. In cach case we describe the execution
monttoring and replanning (rescheduling ) problems as well
as classify themvinto the categor I1€S posted in the symposia
call for participation.  In most cases the execution and
veprlannin g/resche duling complexity arises from: (1)
dynamism - the world can change independently of the
plan being executed; and (2) changing objectives new
goals canansc and o1d goals can b ccome unimportant as
time pzisses. While the DSN antenna operations domain
also has the attributes of interruptib ility (actions may last
over appreciable durations and 1nay be inte toapted duting
their execution) and concurtency (actions and events may
occur simultancously), these aspects of the domain do not
i themselves cause plan cxccution and replanning
complexity.

A 1 the highlevel 01 1esource allocation, schedule
execution dots notinvolve executi onmomtoring.
However, 1escheduling 1S often necessary due to:
cquipment outages, last minute track tequests, last minute
changes o scheduled tracks, and atmospheric conditions
impact on ttacking capabilities. Rescheduling can occwr in
two ways: (1) it canbeinitiated top-down due. to acliinge
to a previously schieduled track or addition of another
request; and (2) it ¢ occur bottom-up in that cquipment
outages can oc cur or tracks can fail necessitating
rescheduling. In the event o  a new o1 modified request,
DANS usces localized branch and b ound scarch to consider
alternative methiods for satisfying the new request. This
scarcht uses asits bounding function a disruption cost
measure whichaccounts forthe overhicad involved in
moving alrcady schied uled tracks and also a satisfaction
m casure accounting for what level of requests have been
satisfied. Because W use branch and bound techniques
DANS can guarantee that it will provide a new schied ule
which is optimal with respeet (o the combined disraption
and satisfaction cost func Gon. In the previously - discussed



taxonomy of rca sons for complexity i execution and
replanning, this type of 1escheduling corresponds to
changing objectives.

In the event of a change in cquipment availability
DANS first updates all resource timetines to reflect the
new resource ley el Thien, depending on the s1z¢ o1 the
change it has two options. First, if thechange is localized
DANS can perform branch and bound sear ¢h 10 re-cvaluate
requests in light of the new equipment situation. However,
if the change iS too large in scope this scarch IS intractable.
For example, tf an antenna unexpectedly goes down for a
sever al days the cascading effect on trac ks can be quite
great and thus tule out exhaustive scarch techniques. In
these cases DANS instead first performs prioritized pre-
cption to remove low-priority tracks which removes
conflicts (by removing the lowest priority  tracks
pariicipating in cach conflict) and then 1t re-evaluates
project requests. This approach requires far less scarch but
can produce suboptimal results (with respect to the twin
eoals of mimmzing disruption and maximizing  request
satisfaction). In the previously discussed taxonomy ol
reasons for complexity in execution and replanning, this
type of rescheduling corresponds to dynamism.

At the level of track procedure gencration DPLAN s
also required to replan during the course of typical antenna
operations. Replanning oceurs in two general cases. First,
after a plan has been generated, the objectives may
sometimes cha nge (which corresponds exactly to the
changing objectives ttemn in the taxonomy). O ften, shor tly
priot to or during a track, a projectmay submit a requestto
add services to a tract This corresponds to additionat
poals which must be incorporated into the track plan. In
the case where goals are added before the hack actually
begins, DPTLAN addr esses this problem by adding these
additional “unachieved goals™ to the cu rrent plan and
restarting the planning process with this single parent plan.
This method is incomplete in theory because the planner
may nave made choices which are incompatble with the
new goals. I Towever, for the specific sets of goals and
domain theories related to antenna operations we have
examin cd, we have been able to usc encodings for which
completencss has notbeen aplot) slem. But this is an arca
of current work. In the case where seals are added during
the actual track, we have not addressed this case - it is also
anarea of currentwork.

Another case {or replanning for DPILAN s duc to
dynamism. Afte 1 a plan has been ge ne rated, a block (plan
step) may fail, a picee of equipment may requite resetting
(due [ gencralunreliability), or apicce of* equipmentmay
fatl or be pre-empted by a higher priority track. In the case
of asimple plan step failure DPLAN simply calls forre -
cxecution of the block. If @ picce of equipment Ic. quite. s
resetting, DPI. AN has knowledge describing which
achieved goals are undone and require re-establishment.
DPLAN then uses a replanning technique (Wang & Chien
1996) which re-uses parts of the original plan as necessary
to re-achieve the undone goals.  Thistechnique takes

advantag ¢ of the fact that the original plan begins from a
state which Is equivalentto resetting all of the subsyste ns.

The plan execution component, cither LMCOA or the
NMC automation eng ine, performs the lowestlevel of plan
cxecution and control.. The NMC engine is responsible for
the closed loop monttor and control functions required by
the antenna and related subsystem operations as well as he
exccution monttor img and supsystem coordination. The
NMC engine takes the plan gencrated by DPI.AN and
performs the specified steps - expanding cach plan step
(catted a TN block) into the appropriate parameterized
procedure implemented ina scripting lang vage. The
scripts  may  perform  monitoring,  control, and
commu nic ation-type lower level directives. Additionally,
the seripts of'let] embody such planexecutionand recovery
methods such as closed foop contiol, ret ries, and cognizant
failure. However, all of these methods are within the scope
of a single TDN block. In the event of a block procedure
being unable to achiieve its objectives, the block will report
fonlurcand I MCOA or NMC will correspondingly report
failure and thie plomn crwill be noti fied thatreplanning is
NCCCSSary,

Conclusions

This paper has desctibed @ hierarchical scheduling,
planning, control, and execution monitoring architecture
for automating opcrations of a wot ldwide networ k of
communicationsantennas.  ‘This architecture consists of
three levels: resource allocation, track plan generation, and
track exccution. We then described as p occts of plan
cxecution and replanning at cach of these thiee levels -
primarily duc to changing objectives and dynamism. This
automation architecture has been demonstrated in an actual
operations setting and is in the process of being fielded al
operational DSN sites.

References

(Chien et al. 1996) S. A. Chien, R. W Hill Jr., X. Wang, T-
Fstlin, K. V. Fayyad, and H. B. Mortensen, "Why Real-
world Planning is Difficult: A Tale of T'wo Applications,”
i New Directions in Al Planning, M. Ghallab and A,
Milani, cd., 108 Press, Washington, DC, 1996, pp. 287 -
298.

(DSN, 1994) Deep Space Network, Jet Propulsion
Laboratory Pablication 400-517, April 1994,

(Erolet al. 1994y K. Erol, J. Hendler, and 1). Nau,
"UMCP: A Sound and Complete Procedure for
Hicrarchical Task Network Planning, " Proceedings of the
Second International Conference on Al Planning Systems,
Chicago, 11, June 1994, pp. 249-254.

(Listlin et.al. 1996) "1, Estlin, X. Wang, A. Govindjee, and
S. Chicn, “DPI.ANDcep Space Netw ork Antenna
Operations Plannet Progi ammers Guide Version 1.0,” 1P1.



-,

‘Technical Document - 13377, Jet Propulsion 1 .aboratory,
Californialnstitute of Technology, February | 996.

(Fayyad & Cooper , 1997) Fayyad, K. E.and 1..1'. Cooper
"Rept esenting operations P’rocedures Using Tempor a
Dependency Networ ks, " SpaceOps 1972, Pasadena, CA,
November 1992,

(Fayyad et. @ 1993) K. Fayyad, RW.Hill, Jr., and Ii.).
Wyatt.  "Knowledge Engincering for Temporal
Dependency Networks as Operations Procedures.
Proceedings of AIAA Computing in Acrospace 9
Conference, 1993, San Dicgo, CA.

(Ihilletal. 1996) R, W, Hill,Jr.,, S A. Chicen,and K. V.
Fayyad, “Automating Operations for a Network of
Communications Anten nas,” Proceedings of the 1996
IASTED  International  Conference on  Artificial
Intelligence, Iixpert Systems, and Newral Networks,
Honolulu, H1, Au gust 1996.

(Hill et al. 1995a)y ROWUHIN, Ji, S0 AL Chien, K.V,
Fayyad, C. Smyth, 1. Santos, and R. Bevan, “Sequence of
Events Driven Automation of the Deep Space Network »
Telecomm unications and Data Acquisition  4?-124,
October-ecember 1995.

(Hll et a1, 1995b) Hill, R W, Jr., S. Chien, C | Smiyth and
K. Fayyad, "“Planning for Decep Space Network.
Operations”  Proceedings of the 1995 AAAT Spring
Symposium on Integr ated Planing Applications, Palo Alto,
(“A, 1995, AAAI Press.

(Pemberthy & Weld 1992) J. S, Pemberthy andD.S. Weld,
“1 1CPOPr: A Sound Complete, Par tial OrderPlannctfor

ADL,)"  Proceedings of the Third International Conference

on Knowledge Repr esentation and Reasoning, October

1992.

(R, 1995) Final R eport of the Services Fulfillment
Reengineering Team, J]']. Interoffice Memorandum,
Maich 14, 1995,

(Wang & Chien 1996) X. Wang and S. Chicn,
“Replanning for the Deep Space Network (DSN) Antenna
Operations Planncr: Preliminary Report,” JPL. Technical
Document D-13388, Jet Propulsion Laboratory, Califor nia
Institute of Technology, Pasadena, CA, Januar y 1996.




